Background Social integration predicts morbidity and mortality, but its relationships with specific health behaviors that could explain this relationship, such as physical activity, have not been established. Additionally, studies associating social integration with health have not distinguished between sources of social contact (family vs. friends), which could be differentially related to health. Purpose The purpose of this study was to examine the association between social integration and physical activity and to explore differences in family and friend social integration. Method Data came from the 2001 wave of the National Health Interview Survey. Adult participants (N=33,326) indicated levels of social integration by reporting whether they had seen and/or called friends and/or family in the past 2 weeks and also reported their weekly minutes of physical activity. Logistic regression was used to determine odds of meeting physical activity (PA) guidelines (≥150 min/week) and odds of inactivity (0 min/week) based on levels of social integration. Results Greater integration predicted higher odds of meeting PA guidelines and lower odds of inactivity after controlling for sociodemographic variables. This association was stronger and dose-dependent for integration with friends, whereas moderate family contact predicted greater activity than high levels of family contact. Conclusion Those who are more socially integrated, particularly with friends rather than family, are also more physically active, which could partially explain the link between social integration and morbidity and mortality. Future studies examining this association should distinguish between sources of integration and explore why and how contact with friends vs. family is differentially associated with health behaviors.
Introduction
Physical activity (PA) is a well-established preventive health behavior, with evidence demonstrating its ability to protect against a wide array of health conditions, including cardiovascular disease [1, 2] , diabetes [3] , and depression [4] . Experts recommend that all adults participate in at least 30 min of moderate to vigorous PA (defined as any activities that produce at least mild sweating and moderate increase in heart rate) most days of the week in order to fully reap its benefits [5] , yet estimates suggest that less than one-third of Americans achieve this goal [6] . Given the profound benefits of PA, gaining a better understanding of the factors that could increase PA among adults is essential.
Among the strong predictors of PA are psychosocial variables, such as social network characteristics. Quality of social interaction (social support), for example, strongly predicts PA. Across races, those with more social support are more likely to engage in regular PA than those without social support [7] [8] [9] [10] [11] [12] . A multinational study found that, across countries, those who reported high social support were twice as likely to be physically active than those who reported low social support [13] . The connection between social support and PA has been found for both general social support [14] and social support specifically for engaging in PA [8, 15] .
Social support, however, should not be confused with social integration, a variable referring to the quantity of network members and interactions rather than their actual quality or content [16] . Although these terms are often used interchangeably, the two are qualitatively different and may have very different effects on health and health behavior [16, 17] . Social support is one aspect of social integration and has been identified as one of several pathways through which social integration can be related to health [18] . Other identified pathways may not be as consistently positive in their influence on PA. Social influence, for example, is an important aspect of social integration that establishes social norms, and it could influence health for better or worse depending on the habits and values of others [18] . If peers or family members were not physically active themselves, then social influence could be a barrier to PA. Social engagement may define and reinforce social roles, which foster a sense of belonging and connectedness [18] . This, in turn, could motivate individuals to take better care of their health [19] ; alternatively, if social roles do not emphasize PA (e.g., role of a caregiver), social engagement may not facilitate PA.
Relatively few studies to date have examined the effects of social integration or quantity of social contact on PA. Those have not always shown a consistent effect [14] or do not separate it from social support [20] . Although social integration is strongly and negatively associated with all-cause mortality and cardiovascular disease [21] [22] [23] [24] , the mechanisms of this relationship are not clear. Furthermore, whether this association is related to the adoption of specific health behaviors, such as PA, is relatively unexplored. Thus, how simple contact with family and friends (i.e., social integration) influences frequency of PA is currently unknown.
One weakness of social integration studies is that many examine contact quantity without distinguishing the source. In fact, the vast majority of studies examining the effects of social integration on health combine contact with family and friends into a single index [14, 20, 23, [25] [26] [27] [28] [29] . This method supposes that family and friends exert equivalent influences on health, an assumption that may not be accurate. Healthrelated social norms among friends, for example, may be very different from those among family members. Therefore, contact with family and friends may be differentially related to PA, particularly because contact within each of these networks likely includes a wide range of supportive or unsupportive interactions.
Finally, the effects of family and friend contact may also be moderated by gender, but this question has received limited attention in the literature. Women may face unique social barriers to PA that could lead to greater discouragement from family and peers, such as an emphasis on caregiving [30] . One recent study demonstrated a negative association between social integration and inactivity for both men and women [14] , but it was limited to only phone contact and again combined contact with friends and family into a single index. A more thorough investigation of gender and family vs. friend social integration is thus warranted.
The purpose of the current study was to separately investigate the relationships between contact with family and contact with friends and at least moderate PA. Few studies have examined the relationship between social integration and PA, and, to our knowledge, none has looked at how contact with family and friends may differentially predict PA. We also sought to determine how family and friend contact is differentially related to PA among men vs. women. Because physical inactivity (i.e., reporting zero PA) may be predicted by different factors other than PA [31] and has been independently associated with health consequences different from those of being insufficiently active [32, 33] , we also assessed the relationship between social integration and physical inactivity.
Methods

Participants and Data
Data for the study were taken from the 2001 wave of the National Health Interview Survey (NHIS), a household survey conducted by the Centers for Disease Control and Prevention and the National Center for Health Statistics and is administered yearly by the United States Census Bureau. A complex stratified, clustered design that oversamples Hispanics and non-Hispanic Blacks from the noninstitutionalized civilian population is used. When weighted, it is representative of the US adult population. One adult per household was randomly chosen to answer a variety of questions on health, health-care services, and behaviors. The 2001 wave of the survey (N=33,326) also included several questions about the frequency and nature of contact participants had with family and friends in the past 2 weeks.
Measures
Physical Activity
The primary dependent variable of interest was whether or not participants met Centers for Disease Control (CDC)/American College of Sports Medicine (ACSM) guidelines for weekly minutes of moderate or vigorous physical activity (MVPA). The CDC/ACSM recommends 150 min per week of moderate PA, 75 min per week of vigorous PA, or an equivalent combination of the two [34] .
MVPA in the current study was measured by self-report. Participants indicated the number of times per week they participated in activities lasting ≥10 min that resulted in (1) light sweating and a slight increase in heart rate (moderate activity) and/or (2) heavy sweating and a large increase in heart rate (vigorous activity), as well as the duration of each activity. The measure does not specify context of PA and thus may include transportation and occupational PA in addition to leisure PA. Frequency and duration were used together to calculate total weekly minutes of MVPA. In accordance with the 2008 Physical Activity Guidelines [34] , total MVPA was calculated for each participant by doubling minutes of vigorous activity and adding it to minutes of moderate activity. Participants were classified as sufficiently active if this total met or exceeded 150 min. Those who indicated that they never engaged in MVPA were classified as inactive.
Social Integration
The NHIS does not include a standard measure of social integration; rather, it contains a variety of questions that relate to social networks and contact. Participants were asked to indicate whether in the last 2 weeks they had (a) spoken to relatives on the phone, (b) spoken to friends on the phone, (c) seen relatives (not living in the home) in person, (d) seen friends in person, (e) participated in a group event, or (f) gone to a worship service. Because the latter two do not specify the relationships with those they interacted with (family and/or friends) and could possibly double count the first four items, only the first four questions were used to assess social integration. Although these questions do not assess the number of times participants interacted with their networks, they assess whether or not participants are engaged with their networks and in what mode(s).
Indexes of social integration similar to those used in other studies analyzing the same data set were created [25, 26] . In this case, an index of overall social integration was created by adding the total number of types of contact participants reported during the past 2 weeks, ranging from 0 (no contact) to 4 (called relatives, called friends, saw relatives, and saw friends). A score of 1 to 3, therefore, indicates the number of types of contact the participant engaged in, but it does not specify precisely which types of contact were used. These scores could reflect a number of combinations of calling and/or seeing family and/or friends. This approach of tallying types of contact has been used in previous studies utilizing the NHIS [26] and other large data sets [14, 35, 36] . In order to assess the effects of the social integration source, two additional indexes were created: contact with friends and contact with family. Each source of contact was assessed by adding the types of contact participants had with that source (friend or family) in the past 2 weeks, yielding either a 0 (neither called nor saw in person), a 1 (either called or saw in person), or a 2 (both called and saw in person).
Demographic Characteristics
We divided participant education into five categories based on the highest grade completed: none/elementary school, some high school, high school diploma or equivalent, some college, and college and/or graduate degree.
Race/ethnicity was determined first by asking participants whether they considered themselves Hispanic/Latino. All participants then selected the race that best described their racial background. If more than one race was chosen, participants were asked to indicate the one that best described them. For the current study, we divided participants in to four racial/ethnic categories: non-Latino White (White), nonLatino Black (Black), Latino, and non-Latino other (Other).
Statistical Analysis
We used logistic regression models to evaluate relationships between indices of social integration with categorical indices of (a) sufficient physical activity and (b) inactivity. Models including terms for planned covariates (age, gender; model 1) first evaluated primary relationships with social integration indices and then adjusted further for additional sociodemographic covariates (race/ethnicity, education, and marital status; model 2), as these variables could be associated with PA and/or social integration. The two models were first run using the total social integration index and then the separate family and friend indexes. Finally, we also conducted an exploratory interaction analysis to test for a possible modifying effect of marital status on the association between social integration and PA. Analyses were conducted in R statistical software [37] using the survey package that allows for complex NHIS design when estimating model parameters [38] . Participants missing social integration data (<1 % of the sample) were excluded from the analysis.
Results
Sample Characteristics
Weighted means and percentages for all sample characteristics entered into the model are shown in Table 1 , both overall and across physical activity variables. The sample was comprised of only slightly more females than males (52 %) and was relatively well educated, with more than half of the sample (53 %) reporting at least some college education. Approximately one-quarter (26.5 %) of the sample comprised ethnic minorities (i.e., non-White). The sample was also quite well integrated: roughly two-thirds of the sample (65.5 %) reported all four types of social contact in the past 2 weeks. Frequency of contact with family and with friends was roughly equal, with 79.4 % both seeing and calling friends and 77.1 % both seeing and calling family. Participants were also generally inactive. More than one-third (37.7 %) reported never getting any PA, and just 43.4 % reported meeting PA guidelines.
Compared to those not meeting activity requirements, sufficiently active participants were more likely to be younger, male, White, and to have more education. They were also generally more socially integrated, across the general index and both the family and friend indexes. The reverse was true for inactive participants.
Logistic Regression-Sufficient Physical Activity Table 2 presents the odds ratios from the logistic regression model predicting meeting recommended PA levels. In model 1 (adjusted only for age and sex), total social integration was significantly predictive of sufficient PA (odds ratio (OR)=1.24, 95 % confidence interval (95 % CI) 1.20-1.29), indicating that higher levels of social integration were associated with greater odds of sufficient activity.
Further adjusting for race/ethnicity, education, and marital status in model 2 did not appreciably attenuate the predictive value of any of these variables, and social integration remained a significant predictor of activity (OR=1.19, 95 % CI 1.14-1.23). This relationship was dose-dependent, with greater social integration associated with greater odds of activity at every level of social integration (Fig. 1) . Similar results were found when examining friends and family separately (see Table 2 ). Adjusting only for age and sex (model 1), both social integration indexes significantly predicted sufficient PA. However, friend integration showed a stronger relationship with PA than family integration, and its relationship was dose-dependent. Specifically, those either seeing or calling friends had 59 % higher odds of meeting guidelines than those who had neither seen nor called friends in the past 2 weeks (OR=1.59, 95 % CI 1.28-1.70), and participants who both called and saw friends in the past 2 weeks had more than twice the odds of being sufficiently active than those who reported no contact with friends (OR=2.33, 95 % CI 1.68-2.21).
For family integration, those either seeing or calling family had 47 % higher odds of meeting activity requirements (OR=1.47, 95 % CI 1.27-1.71), similar to those who either saw or called friends. However, at the highest level of social integration (both calling and seeing), a large difference emerged between family and friend integrations. While friend integration predicted markedly greater odds of activity compared to a moderate level of social integration (either seeing or calling), greater family integration actually showed a decrease in predicting activity compared to moderate social integration (OR=1.28, 95 % CI 1.11-1.47). In the fully adjusted model (model 2), these relationships were slightly attenuated but still significant.
Logistic Regression-Inactivity
Odds ratios from the logistic regression model predicting inactivity are shown in Table 3 . Overall results show an inverse pattern to those predicting sufficient activity. Controlling only for age and sex (model 1), social integration was significantly and negatively associated with inactivity (OR=0.78, 95 % CI 0.76-0.81), such that those experiencing higher social integration were less likely to report inactivity.
Further adjusting for sociodemographic variables (model 2) again produced only small changes in odds ratios, and total social integration remained a significant negative predictor of inactivity (OR=0.83, 95 % CI 0.80-0.86). Higher levels of social integration were generally associated with lower odds of inactivity, though the difference among those with three or four social contacts was not substantial (Fig. 2) .
Dividing social integration into family and friend indexes showed that family and friend integrations were both negatively associated with inactivity. At the moderate level of social integration (i.e., either seeing or calling), family and friends were again very similar in predicting less inactivity (OR=0.60, 95 % CI 0.53-0.68 and OR=0.61, 95 % CI 0.53-0.70, respectively). At the highest level of social integration, The fully adjusted model (model 2) showed minimal changes in these values. Family and friend integrations remained significant negative predictors of inactivity, with the lowest odds of inactivity seen in those who both called and saw friends (OR=0.52, 95 % CI 0.46-0.58).
Gender and Social Integration
To test for differential predictive values of social integration based on gender, an interaction of gender and total social integration was entered into a logistic regression along with age, sex, and total social integration. The analysis showed no significant interaction of social integration and gender on PA (β = 0.022, SE = 0.033, p = 0.49) or inactivity (β =0.021, SE=0.032, p=0.52). There was also no interaction effect for PA or inactivity in the fully adjusted model (β =0.028, SE = 0.034, p = 0.40 and β = 0.018, SE = 0.034, p = 0.59, respectively).
Discussion
As with social support, these data show a strong positive relationship between social integration and PA. Those who had any contact with either family or friends were significantly more likely to be sufficiently active than poorly integrated individuals, and this relationship generally increased with greater levels of social integration. Similarly, those who were more integrated generally had lower odds of being inactive than less integrated individuals. These data build on previous studies showing a negative relationship between social integration and mortality [23] by identifying specific health behaviors associated with social integration that could possibly act as mediators of the social integration-mortality connection.
Given the current data, it is unclear what mechanisms may be driving this association. Social integration may encourage greater PA directly if social interaction involves being physically active or indirectly by enhancing feelings of belonging, connectedness, or general improved mental health, all of which could increase motivation to be healthy and engage in healthy behaviors. Alternatively, it could be that greater PA actually leads to greater social integration through similar direct or indirect mechanisms or that both PA and social integration are increased by other variables such as mental health.
While the data showed an overall positive effect of social integration, it also revealed important differences between sources of social integration. Specifically, integration with friends was more strongly related to PA than integration with family, to the extent that any level of friend integration more strongly predicted sufficient activity than any level of family integration. This differential pattern was similar for inactivity, in that friend integration generally predicted lower rates of inactivity than family integration. Notably, PA increased with each level of friend integration, such that those who were most active were those who both saw and called friends in the past 2 weeks. Family integration, however, showed diminishing returns at higher levels of integration. Although those who had both seen and called family members in the past 2 weeks were still more active than those with no contact, the highest activity was seen in those who reported only one form of contact with family. Friend contact, then, was more strongly and reliably related to activity than family contact. Similar but inverse patterns were seen for inactivity levels, with lower levels of inactivity among those who reported only one form of contact with family compared to both types.
Again, it is unclear what mechanisms may be driving this association. Family and friends may differentially impact an individual's desire or motivation to be physically active. Studies show that families may not be naturally supportive of exercise and may need to learn how to support other family members' PA goals [39] . Inconsistent support from social contacts has been cited as a potential reason that social integration is only sometimes associated with better health [17] . Alternatively, this difference between family and friend integration could be due to the way participants actually spend time with family and friends; that is, time spent with friends may be more likely to be active than time spent with family. Of those who only had one type of contact with family, 78 % did so over the phone. The highest level of social integration, therefore, appears to be achieved by adding face-to-face time with family, which, as suggested by lower odds of PA at this level of social integration, could compete with spending time being physically active. Friends may be more likely than family members to have similar ages and/or interests, which may better facilitate PA.
These results emphasize a need to distinguish between family and friends when examining effects of social integration. Whereas other studies examining global social integration and PA have generally found a positive relationship [14, 20] , our results suggest that by combining family and friends into a single index, these studies may actually be underestimating the effect of friend integration. For example, data from Reed et al. [14] generally showed the lowest rates of inactivity in those with moderate levels of social integration, compared to those with none or very high rates of contact. This effect could be partially due to higher levels of global social integration capturing greater family integration, which in our results was associated with slightly less activity than moderate family integration. Because the majority of studies relating social integration and physical health have combined family and friend contact in to one measure, exploring how these indexes are separately related to a wide range of health behaviors and outcomes is worthwhile. Surprisingly, no interaction was observed between gender and social integration in predicting PA. This finding was unexpected given that social support appears to influence health behavior differently for men and women [40] , and it further emphasizes that social integration is not synonymous with support. Future research should investigate the content of social interactions among men and women and how it may influence PA.
Adding sociodemographic variables to the multivariate model did not attenuate the effects of social integration, suggesting minimal mediating or confounding effects of race/ethnicity, education, and marital status. This finding is consistent with a recent study showing that various indicators of social integration were related to overall health status but did not mediate the relationship between SES and health [26] . The sample in the current study was unusually highly educated, with nearly 85 % of participants having at least a high school diploma. Because education was the demographic variable most closely related to PA, the sample's relatively high level of education could also explain why this group was also more physically active (43.5 %) than the general population (30-33 %) [6] .
Limitations
The current data are limited in that they do not enable full exploration of the depth of participant social integration; that is, participants indicated whether or not they had seen or called friends and family over the past 2 weeks, but they did not indicate how often. In this respect, the data are better suited to show differences between those who are isolated and those who are at least minimally socially integrated. Daily phone calls to friends surely represent a different level of social integration than biweekly calls, and ideally, these levels of social integration should not be treated homogenously. However, the majority of benefits may be apparent among those making any contact compared to those experiencing total isolation, rendering additional contact subject to diminishing returns [14] . Nevertheless, comparing participants at different levels of social integration would be useful, as the low threshold for social integration in this study (a phone call within the past 2 weeks) resulted in a relatively small comparison group of nonintegrated individuals. The high levels of integration in the sample could also be indicative of a bias towards more socially integrated individuals participating in the NHIS, while more socially isolated individuals may decline participation or be less accessible.
Conclusions
Social isolation has been identified as a major risk factor for heart disease [22] and is linked to all-cause morbidity and mortality [21] . Results from the current study suggest that more socially isolated individuals are also less physically active, which could potentially offer a partial explanation for the association between social isolation and chronic disease. Clearly, more research is needed to determine whether this is a causal relationship and, if so, the mechanisms through which social integration would motivate PA. Such findings could inform the design of interventions to promote physical activity, determining the type and frequency of social contact most likely to promote PA. These data do suggest, however, that the source of social contact is important and that this variable should not be overlooked when discussing social contact and health.
